Optimizations Using DFT Methods: Unrestricted B3LYP/6-31G(d) and M06-2X/6-31G(d) Structures and Electronic Energies
In order to assess the accuracy of density functional theory in comparison to multiconfigurational active space methods, we used both UB3LYP/6-31G(d) and UM06-2X/6-31G(d) for optimizations of the butadiene-allene and benzene-allene systems. UM06-2X performs well when predicting energies for the cycloaddition of butadiene and allene; all values are within 5 kcal/mol of the respective CASPT2 energies ( Table S1 ). The corresponding DFT structures (Figures S1 and S2) also closely resemble the CASSCF-optimized structures presented in the paper.
For the benzene-allene system, although UM06-2X accurately predicts the energies for the closed-shell stationary points, both UM06-2X and UB3LYP methods overestimate the energies for the open-shell species. A similar peculiarity has also been observed before for the cycloaddition of allenes and an aromatic system (See ref. 20 in the full paper). Current investigations to determine the origin of this phenomenon are underway. We conclude that DFT methods are sufficient in describing allene (4+2) cycloadditions, but care must be taken when considering open-shell intermediates of aromatic compounds. Table S1 . Compilation of DFT and CASPT2 energies for the butadiene-allene system S16 Figure S1 . UB3LYP-optimized stationary point structures for the reaction of butadiene 16 and allene 17 Figure S2 . UM06-2X-optimized stationary point structures for the reaction of butadiene 16 and allene 17 S17 Table S2 . Compilation of DFT and CASPT2 energies for the benzene-allene system Figure S3 . UB3LYP-optimized stationary point structures for the reaction of benzene 21 and allene 17 S18 Figure S4 . UM06-2X-optimized stationary point structures for the reaction of benzene 21 and allene 17
